We evaluate the matrix elements of the four-quark operators which contribute to the lifetimes of B-mesons and the Λ b -baryon. We find that the spectator effects are not responsible for the discrepancy between the theoretical prediction and experimental measurement of the ratio of lifetimes τ (Λ b )/τ (B).
INTRODUCTION
Inclusive decays of heavy hadrons can be studied in the framework of the heavy quark expansion, in which, for example, lifetimes are computed as series in inverse powers of the mass of the b-quark [1] . For an arbitrary hadron H
where • c 0 corresponds to the decay of a free-quark and is universal.
• c 1 is zero because the operators of dimension four can be eliminated using the equations of motion.
• c 2 can be estimated and is found to be small.
• c 3 contains a contribution proportional to
and is therefore the first term in the expansion to which the interaction between the heavy and the light quark(s) contribute. Although this is an O(m −3 b ) correction, it may be significant since it contains a phase-space enhancement.
The aim of our lattice simulation is to compute c 3 for B-mesons and the Λ b -baryon, in order to check whether spectator effects contribute significantly to the ratios of lifetimes for which the experimental values are:
The discrepancy between the experimental value in eq. (4) and the theoretical prediction of τ (Λ b )/τ (B 0 ) = 0.98 (based on the Operator Product Expansion in eq. (1) including terms in the sum up to those of O(m −2 b )) is a major puzzle. It is therefore particularly important to compute the O(m −3 b ) spectator contributions to this ratio. The ratios in eqs. (3) and (4) can be expressed in terms of 6 matrix elements:
and the coefficients a i and b i are given by value value
The values in the table correspond to operators renormalized in a continuum renormalization scheme at the scale µ = m B . Their matrix elements are obtained from those in the lattice regularization by perturbative matching (see the appendix).
B DECAY
The matrix elements B 1 , B 2 , ε 1 , ε 2 are computed on a 24 3 ×48 lattice at β = 6.2 (corresponding to a lattice spacing a −1 = 2.9(1) GeV) using the tree-level improved SW action for three values of κ = 0.14144, 0.14226, 0.14262 and are then extrapolated to the chiral limit (κ c = 0.14315) [3] . We find B 1 = 1.06 ± 0.08 (13)
which implies that
in agreement with the experimental value (3).
Λ DECAY
The computation the baryonic matrix elements L 1 and L 2 is a little more difficult. We have performed an exploratory study in which the light quark propagators are computed using a stochastic method [4] based on the relation
(rather then using "extended" propagators).
The matrix elements are computed on a 12 3 × 24 lattice at β = 5.7 (corresponding to a lattice spacing a −1 = 1.10(1) GeV) for two values of κ. We therefore do not attempt an extrapolation to the chiral limit (κ c = 0.14351) but present results seperately for each value of κ. We find:
which implies that (neglecting the systematic error due to the chiral extrapolation)
These results imply that spectator effects are not sufficiently large to explain the discrepancy between the theoretical prediction and experimental result in eq. (4).
CONCLUDING REMARKS
We find that the matrix elements of the 4-quark operators (13-16) satisfy the vacuum saturation hypothesis remarkably well. A similar feature is true for the ∆B = 2 operators which contribute to B-B mixing. We do not have a good understanding yet of this phenomenon.
The results for the mesonic matrix elements lead to a prediction for the ratio of the lifetimes of the charged and neutral mesons which is in agreement with the experimental result in eq. (3). Our study of the baryonic matrix elements indicates that spectator effects are not sufficiently large to explain the experimental ratio of lifetimes in eq. (4). This discrepancy between the theoretical prediction and the experimental measurement remains an important problem to solve. We do stress, however, that our calculations are exploratory, and a more precise simulation is necessary, in particular to allow for a reliable extrapolation to the chiral limit. +1 bt a Γt a qb Γq + bΓqbt a Γt a q −6.89 bt a γ 0 Γγ 0 t aΓb + bΓqqt a γ 0 Γγ 0 t a b +1 bt a γ 0 Γγ 0 t a qb Γq + bΓqbt a γ 0 Γγ 0 t a q 2 log(λ 2 a 2 ) − 4.53 bt a Γqq Γt a b −1 bt a Γqbt a Γq log(λ 2 a 2 ) − 6.19 bΓt aΓt a b + bt a Γqqt a Γb −1 bΓt a qbt a Γq + bt a Γqb Γt a q −6.89 bΓγ 0 t aΓγ 0 t a b + bt a γ 0 Γqqt a γ 0 Γb +1 bΓγ 0 t a qbt a γ 0 Γq + bt a γ 0 Γqb Γγ 0 t a q − log(λ 2 a 2 ) + 5.12 bΓt a qqγ 0 Γb −1 bΓt a qb Γt a q −3 log(λ 2 a 2 ) + 1.05 bΓσ µν t a qqt a σ νµ Γb −1 bΓσ µν t a qb Γσ µν t a q −2.43 bΓγ µ t a qqt a γ µ Γb +1 bΓγ µ t a qb Γγ µ t a q The analytic expression for p i can be found in [3] .
